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WITHMETHANEANDPROPANE

By CerlT.Norgren

SUMMARY

Combustionefficienciesobtainedwith
inanexperimentalturbojetcombustorwere
andpropane,arethermallystableandhave

twogaseoushydrocarbonfuels
compared.Thefuels,methane
lowfreezingpoints;when

refrigerated,theycanthereforebe consideredforsupersonicflightap-
plicationswhereaerodynamicheatingimposesa needforconsiderableheat
rejectiontothefuel. Methanewasevaluatedinanexperimentalcombustor
designedforoperationwithgaseousfuels.Theannularcorbustorwas
destgnedtofitintoa one-quartersectorofan annularhousingwithan
outsidediameterof 25.5inches,an insidediameterof 10.6inches,and.
a combustorlengthof approximately23inches.Combustionefficiencies
weredeterminedat simuhtedhigh-altitudeflightconditionscorrespond-

. ingto operationina 5.2-pressure-ratioengineata flightMachnumber
of0.6. Propanewaspreviouslyevaluatedinthesamecomlmstoratthe
samecombustoroperatingconditions.

Thecombustionefficienciesobtainedwithmethanewere98,91,and
77percentat simulatedflightaltitudesof 56,000,70,000, and80,~
feet,respectively.Theseflightaltitudescorrespondtocombustor-
inletairpressuresfrom15to 5 inchesofmercuryabsolute.Thecom-
bustionefficiencyofpropanewasequivalentto thatobtainedwithmethane
upto a simulatedaltitudeof 70,000feet;at 80,~0feetthecombustion
efficiencywith”propanewas10percenthigherthanwithmethane.As the
airflowwasincreasedto 69percentabovea valuerepresentativeof cur-
rentpracticeat a combustorpressmeOf 15 inchesOfmercuryabSOhIteJ
bothrichandleanblowoutlimitswereobservedwithmethane.Thelower
efficienciesandthereducedoperationalrangeobtainedwithmethaneare
attributed,at leastinpart,to thelowerfundamental.flsmespeedof
thisfuel.-

.
INTROIKJCTION

‘>
Hightemperaturesencounteredinhigh-speed,turbojet-poweredair-

craftnecessitatethecoolingofvariousengineandairframecomponents.
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Thefuelrepresentsa largepotentialheat.pinkforthiscooling;however,
thermaldecompositionof currentjetfuelslimits,the_extenttowhich.this-_
heatsinkcanbe utilized.Attemptsarecurrentlybeingmadetoprovide-
a thermallystable,kerosene-typefuelforhigh-spee~flight.Fuelswhich
alsooffera highthermalstabilityarethelow-mole~ular-weightgaseous,
hydrocarbons.By liquefyingthesehydrocarbons“theheatreleaseperunit
volumeoffuelcanbe increased,andtheheatofvapo-rizationcanbe uti-
lizedforcooling.Inreference1 itis shownth@,_although,theliq-
uefiedlow-molecular-weighthydrocarbonstivemuchltierdensitiestlyan
conventionaljetfuels,aircraftperformancewill:not...necessarilybe
penalized.Thelow-molecular-weightfuels~would,however,presentoper-.
stingproblemsonthegroundandintheair. Reftiigerationandtank
insulationwouldherequired,andnewproblemsinrefueling,pumping,
andenginecontrolwouldbe encountered.~ _.

It isshowninreference2 thatthehigh-altltudeperformanceofan: IT
annularexperimentalcombustorwasbetteryithonelW-molecular-weight
gaseoushydrocarbon,propane,thanwitha liquidhydrocarbonfuel.
Anotherreadilyavailable,low-molecular-weighthydrocarbonthatcanbe
consideredforhigh-speedflightismethane.The,hes&-absorptioncapac-
ityofmethaneisconsiderablyhigherthan,thato?propanebecauseof its.
higherspecificheatandlatentheatofvaporization,andbecauseitcan
be heatedtohighertemperatureswithoutappreciabledecomposition(ref.
1)● Theflamespeedandflammabilitylimitsofmethanearesomewhat
inferiortopropane,however,andfromthestudiesreportedinreference
3 poorercombustionperformancemy be expectedfrommethane.

Theinvestigationreportedhereinwasconductedina full-scaleone-,_
quartersectorductsystem.Thecombustionperfo&mariceofmethanewas ““
evaluatedinanexperimentallow-press~e-losscornbus~ordesiEWe”dfor ..
operationwithvaporfuel,andthisperformanceW@ .~omparedwiththat
obtainedwithpropaneandprevaporizedJP-4fuel(ref.4). Sincevaria-
tionsincombustionefficiencyaremostpronouncedat..lowairpressures
andhighairvelocitiesinthecombustor,thetestconditionspreviously
selected(ref.4)asrepresentativeofhigh-altitu@_flQhtwerealso
usedinthisinvestigation.Datawereobtainedfpra-simulatedflight ‘
Machnumberof 0.6ina 5.2-pressure-ratioengine;ope~atingat 85-percent
ratedrotorspeedat altitudesof56,000,70,000,’and80,000feet. In
addition,oneconditionrepresenting69percentipcr~asedairflowat.._. =
56,000feetwasinvestigated.Dataincludingcombustionefficiency,out-
letradial-temperatureprofile,andcombustorpressurelossesare
presented.

—.. .. .—.=,
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.
APPmMI!Us

Installation

Thecombustorinstallation(fig.1)wassimilarto thatofreference
4. Thecombustor-iril.etand-outletductswereconnectedtothelaWratory-
air-supplyandlow-pressure-exhaustsystems,respectively.Jkb?flowrates
andcombustorpressureswereregulatedby remote-controlledvalveslocated
upstreamanddownstreamofthecombustor.Gaseousmethanewassupplied
fromhighpressurecylinderswithsuitablepressure-reducingvalvesto
supplylow-pressurefuelto thesystem.Thedesiredcombustor-inletair
temperatureswereobtainedbymeansof electricpreheater.

Instrumentation

Airflowwasmeteredbya sharp-edgedorifice(fig.1) installed
accordingtoAEMEspecifications.Thegaseousfuel-flowratewasmetered.
witha calibratedsharp-edgedorifice.Thermocouplesandpressuretubes
werelocatedatthecombustor-inletand-outletinstrumentstationsindi-
catedinfigure1. Thenumber,type,andpositionoftheseinstruments

M at eachofthethreestationssreindicatedinfigures2(a)to (c). The
: combustor-outletthermocouples(station2)andpressureprobes(station3)
a werelocatedat centersofequalareasintheduct. Thedesignsofthe
~= individualprobesandtherakesareshowninfigures2(d)to (h).Mani-
g foldedupstreamtotal-pressureprobes(station1)anddownstreamstatic-
. pressureprobes(station3)wereconnectedtoabsolutemanometers;indi-

vidualdownstreamtotal-andstatic-pressureprobeswereconnectedto
banksof differentialmanometers.Thechromel-alumelthermocouples
(station2)wereconnectedto a self-balancing,recordingpotentiometer.

Combustor

Theprevaporizing,low-pressure-losscombustordescribedinreference
4 (experimentalcombustormodel47)wasusedinthisinvestigation.The
prevaporizerinmodel47wasremoved,andthecombustorwasdesignated
asmodel48. Thecombustorgeometryincorporateda streamlinedcombustor-
inletsection,scoopsforprimary-airadmission,andlongitudinalU-shaped
channelsforsecondary-airadmission.Thecombustorwasdesignedto fit
intoa one-quartersectorof anannularhousingwithan outsidediameter
of 25.5inches,an insidediameterof 10.6inches,anda combustorlength
ofapproxhatel.y23inches.A phantomviewofthecombustorassembledin
thehousingisshowninfigure3. Theconstructiondetailsof combustor

● model48 areshowninfigure4; thecombustorholepatternis shownin
figure4(a),andthecombustorprofilegeometry,infigure4(b). The

. ratiooftheaccumulatedholeareaalongthecombustorlen@h to the
totalholeareais shownas a functionof canbustorlengthinfigure4(c).
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Thesecurvesrepresenttheproportioning,of the,hoi+a~eabutnotneces- .
sarilytheproportioningoftheairadmittedalongshe combustor.The W_I
totalair-admissionholeareaforthiscombustorwas95.9squareinc;.es.‘“~=.- --

Performancedatawereobtainedwith”fuelnozzleconfigurationL
(fromref.4)toenabledirectcomparison.The,fu@nozzlesweremodified ~
commercialhollow-conenozzleshavinga sharp-e#ged””orifice1/8inchin,
diameterwitha simpleswirlgenerator.Fivefuel>ozzles,symmetrically
spaced,wereusedinthisinvestigation.:Since~ga@.ousmethaneandpropane ~
havesuchdifferentdensities,thejetvelocitywouldbe considerablyd$f-.
ferentatanygivenmass-flowrate;therefore,Oneadtitionalsetoffuel E
nozzleswastested.Thefuel-nozzleorificeswkreenlargedtoa 5/32- “–-’
inchdiameter.Withthesefuelnozzles(nozzle’R)methanefuelwasad-
mittedintothecombustoratapproximatelythesame-velocityaswaspropane“‘-
usinga fuelnozzleof configurationL. : r!

Fuels r..-- ,.

Fundamentalpropertiesofmethaneandprop?ne-guelswe shownIn .,.-
tableI. Forcomparison,correspondingdatafora,representative~L-F- .-..
5624C,gradeJT-4~fuel&e includedinthistable;

PROCEDURE

Thetestconditionsinvestigatedareasfollow%:

--

8
.-

-..,
b .—

ConditionCombustor-Combustor-2““Airflow:. Simulated
inlettotal inlettotal rateper” flightalti-
pressure, temperature,unit,ar~aa,tudeinref’-
in.Hgabs ‘?F- lb/(see) erenceengine

(Sqft) atcrutse
speed,

. — ft—
A 15 268 ~. 2.14 56,000
B 8 268 1.14- 70,000
c 5 268 0.714 80,000
E 15 268 3.62 56,000

%ased onmaximumcombustorcross-sectionalareaof 0.73sqft.

TestconditionsA, B, andC representthreesimula@dflightconditions

—

—

fora referencet&bojetenginewitha 5:2-pres@UI’~ratio.co~ressor.,.!.... ? “..
cruisespeedof85percentoftherated?“Otorspeedanda fligh!.~~~ “–.-
numberof0.6wereassumed.Oneadditionalcondit~on,E,wasselected”to
representanairflowrate69percentabovethatrequiredinthereference “
engine.ata flightaltitudeof56,000fe@. At,ea~htestcondition,.-.— ,.—-.. -_

-.

~~
—
—
J..——-
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combustionefficienciesandpressure-lossdata
. offuel-airratioswithmethanefuel. Similar

obtainedfromreference4.

Combustionefficiencywascomputedasthe
actualto thetheoreticalincreaseinenthaluy

were
data

5

recordedfora range
forpropanefuelwere

percentageratioofthe
fromthecombustor-inlet

tothecombustor-outletinstrumentationpl.an~-(ref.5). Thearithmetic
meanofthe30 outletthermocoupleindicationswasusedtoobtainthe
valueoftk combustor-outletenthalpyfortheexperimentalcombustor
configuration.

Theratial-temperaturedistributionatthecombustoroutlet(station
2)wasdeterminedfora temperatureriseacrossthecombustorof approxi-
mately1180°F, whichwouldcorrespondto thetemperaturerequiredat 100
percentofratedenginespeedinthereferenceturbojetengineat alti-
tudesabovethetropopause.Theradial-temperatureindicationswereob-
tainedfromthesixthermocouplerakes(fig.2(a)).Thetotal-pressure
losswascomputedas thedimensionlessratioofthetotal-pressureloss
to thecombustor-inlettotalpressure.Thirtyindividualtotal-pressure
readingswereaveragedto obtainthetotalpressureatthecombustorout-
let. Combustorreferencevelocitieswerecomputedfromtheairmass-flow
rate,thecombustor-inl.etdensity,andthemaximumcombustorcross-
sectionalarea.

.

RESULTSANDDISCUSSION
.

Thedataobtainedwithexperimentalcombustormodels48Land48R
usingmethanefuelarepresentedintableII. Thedataforpropaneoper-
ationintheexperimentalcombustormodel47L,withoutprevaporizer,
(fromref.4) areincludedintableII. Combustormodel47L,without
prevaporizer,is identicalto combustormodel48Ldescribedherein.

CombustionEfficiency

Thecombustionefficienciesobtainedwithpropaneincombustormodel
47L,withoutprevaporizer,arepresentedinfigure5 fora rangeoffuel-
airratios.Infigure5(a)combustionefficienciesarepresentedfor
testconditionsA, B, andC (referencevelocity,80ft/see).Infigure
5(b)theeffectof increasingthereferencevelocityto 140feetper
secondis shownfora constantburnerpressureof 15 inchesofmercury
absolute.Twocurvesrepresentinga constanttemperatureriseof 680°F
(requiredforoperationat 85percentofratedspeed)and1180°F (re-
quiredforoperationatratedspeed)areincludedinfigure5. At a
temperatureriseof 1180°F combustionefficienciesof 98,93,and86

. percentwereobtainedfortestconditionsA, B, andC,respectively,
(fig.5(a)). Combustionefficienciesdidnotvaryappreciablyoverthe
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rangeoffuel-airratiosinvestigatedandwe~erelativq>yunaffectedby —
theincreasedreferencevelocity(fig.5(b)).

.,.-.— ~i‘..“.-;.—

Thecombustionefficienciesofcombustormodel48Lwithmethanefuel
arepresentedinfigure6. Twocurvesrepresenting,a constanttemperature ‘“~
riseof 680°and1180°F formethaneareincludedi.nffgure6. AS she@” —
infigure6(a)combustionefficienciesof98;91,and77wereobtained‘at‘ - =
a temperatureriseof1180°F fortestconditionsA,B; andC,respec-
tively,(referencevelocity,80ft/see).Thecombtisti~nefficienciesat ““‘- P
testconditionA exceeded100percentat som$fuel~air-ratiosjhowever,–– --~
itisbelievedthatburningwasessentiallycompletea~dthe100-percent” N
excesswasdueto experimentalerror.Errorsinvo+ved~inefficiency
measurementswiththiscombustorinstallationarediscussedinreference . “-
4. Combustionwasnotstableatlowfuel-airratiosas;indicatedbythe ‘: ..-—
sharpdropinefficiencyInthisregion.Comparisonofthedatafrom --
figures5(a)and6(a)showsthatcombustionfithpropa~eandmethaneat ‘
testconditionsA andB (simulatedaltitudesof56,~0 and70,000ft,
respectively)wasapproximatelythesame.However,attheverylowpre-ti-‘ —
sureconditionC (80,000ftaltitude),therangeof efficientoperation —
withmethanedecreasedmarkedly,andefficienciesof 80to 85percent
wereobtainedwiththisfueloveronlya nsrrowrangeoffuel-airratios“’
(fig.6(a)). —-.

:.
Infigure6(b)theeffectof increasing”thereferencevelocityto

140 feetpersecondata constantburnerpressureof15inchesmercury “ =
absoluteis shown.At thehighvelocity(conditionE) methaneoperated
overa verynarrowrangeoffuel-airratios,andbothleanandrichblow- *“--
outllmitswereobsezwed.As showninfigure5(b)noblowoutlimitswere .,.<
observedwithpropanefuelatthissamec&dition~

Theperformancedatapresentedinfigur~s5 and6 forpropaneand
methanewereobtainedincombustormodels47L,withoutprevaporizer,and “
48L,respectively,withan identicalfuelinjector!SincegaseousmetQane”’
hasa muchlowerdensitythangaseouspropane,met$ane-ksIntroducedinto
thecombustionzoneata highervelocitythanprop@metiJTItisshownin ‘ ‘“
reference4 thatfuel-injectioncharacteristicsaffectcombustorperform-,,..—.

antemsrkedly.Additionaltestswerethere~oreconductedwithmethane “ ‘.
usingan injectornozzlehavinga largeroritificediamej%ersothat”%he– “~
fuel-exitvelocitywithmethanewouldbe the-same$sWithpropane.For ‘--—
anygivenfuel-airratio,themomentumofthejetwouldalsobe thesame ,
forbothfuelsandsimilsxpenetrationcharacteris~ics~wouldbe expected.
Thenozzleswirlgeneratorswerenotmodifiedforthesktests.Combustion,_
efficienciesofcombustormodel48R,whichincorporatedthelargernoz21e)”‘
withmethanefuelarepresentedinfigure72 Only’s~ficientnumberof
fuel-airratiosattestconditionsA, B, andC wereinvestigatedto indi-
cateperformancetrends.Combustionefficienciesobtainedwiththesmaller
fuelnozzle(combustormodel48L)areincludedinfig@e 7 forcomparison.:
Combustionefficienciesat lowfuel-airratfxmwereimlrovedconsiderably,
withthelargernozzle(combustormodel48R),part~culZrlyat conditions— -,

—
.
—
.

.-
.

——

—

-—

—
+

.----

2
.
-. ..- *.A-— .-
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A andB. No improvementwasobservedat thehigherfuel-airratios.At
testconditionsC, a leanblowoutlimitwasobtainedwiththelarger.
nozzle.

CorrelationofCombustionEfficiency

Combustionefficiencyispresentedinfigure8 asa functionofthe
combustionparameterVr/piTi(ref.6),where Vr isthecanbustorref-
erencevelocitybasedonthemaximumcross-sectionalarea(105sq in.);
Pi istheinlettotalpressure;and Ti istheinletairtemperature.
Theefficiencydataoffigure8(a)ae fora combustortemperaturerise
of 680°F, thevaluerequiredinthereferenceengineat cruisespeed.
Figure8(b)presentssimilardatafora temperatureriseof11800F, the
valuerequiredforrated-speedoperation.Thecombustionefficiencies
forpropaneandmethanewereobtainedfromthefairedcurvesoffigures
5 and6. Combustion-efficiencydataobtainedwithJT-4fuelinthepre-
vaporizingcombustormodel47L (ref.3)areincludedinfigure8 forcom-
parison.Methaneandpropaneoperatedwithcomparableefficienciesat
testconditionsAandB (simulatedaltitudesof 56,000and70,000ft),
andatbothtemperaturerisevalues(680°an&1180°F). At thelow-
pressuretestconditionC (80,000ft),however,theefficiencieswith
methanewereapproximately10percentlowerthanwithpropane.Combus-

. tionefficiencieswithprevaporizediTP-4fuelcomparedfavorablywiththe
efficienciesobtainedwiththevaporfuels.

. Differencesinthecombustionefficienciesamonga vsrietyoffuels
arefrequentlyattributedto differencesinfundamentalcombustionprop-
ertiessuchasflamespeed,flammabilitylimits,spontaneous-ignition
temperatures,andminimumspark-ignition‘energy.Itwasshowninrefer-
ence3 that,ofa numberoffundamentalcombustionpropertiesconsidered,
flamespeedprovidedthebestcorrelationwithcombustionefficiency.An
empiricalattemptwasmadeto combinetheeffectsof operatingconditions
(Vr,pi,Ti)andfhne speedina singlecorrelatingparameter

~b= (vr/piTi)(>i~f)a

.

where Tb isthecombustionefficiency;Uf,thefundamentalflamespeed;
and a,theconstant.Theterm Vr/PiTiwasusedto correlatetheeffect
of operatingconditionsinfigure8. Valuesof Uf relativeto theflame
speedofprop,ne(table1),thatis,Uf = ‘f,fue~uf,propwe~wereused
inthecorrelationattempt.Thenecessityof exponenta applied to tk
Uf termwasindicatedby thecorrelationspresentedinreference3. A
reasonablecorrelationofthedatareportedhereinwiththeseempirical
functionsisshowninfigure9 usinga valueof a of 2.75.Since a
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undoubtedlya functionoftheindividual”combus.tiouchamber,itcannot
consideredapplicabletoothercombustorL~ta.,Forexample,thedata .-

1.87 .--_
reference3 showthat,forgivenoperatingconditions,~ = (l/Uf} , “–

Manyattemptshavebeenmadeto correlatecombustionefficiencies with “
fundamentalfuel propertiesandoperatingparameters.~_Itis shownin -.-
reference7 that no single correlatingparameterclan&eexpectedto be-” ‘~ ‘--
adequatefor all combustorsor for the entire rangeofl.operatingcondi- —
tions becauseof a probableshift fromonefate-controllingstep to
anotheras operatingconditionsare vaied.: ,!-—— -- -–$

TemperatureProfiles —.-

Theradial-temperatureprofiles at the outlet of combustormodel ~ ~
48L, togetherwiththe desiredtemperatureprofile, are shownin figurk
10 for a temperaturerise of 1180°F (requiredfo~rated-speedoperation‘ ‘-‘-
ofthereferenceengine).Thedesiredtemperature,prdfilerepresentsan ;.=
approximateaverageofprofilesrequiredordesiredi~a numberof current
turbojetengines.Infigure10(a),theprofilesobta~nedwithgaseous ‘r= --
propanearepresentedfortestconditionsA, B, andC: Infigurelo(b),., .._
similardataobtainedwithgaseousmethanearepr~sented.Theaverage
radial-temperatureprofileobtainedwiththegaseousfuelsfollowedthe “ “-”“
desiredprofilereasonablywell. Infigure11,thei~othermalcontour-”‘“ –
patternsatthecombustoroutletareshownformethaneoperationattest M
conditionB atanaverageoutlettemperateof 1440°JF.Considerable
circumferentialasymmetryintemperaturepat,ternisnoted.At leasta ...1“~
pertoftheasymmetrymaybe attributedto.th.esi&ew@J.softhecotiusto~, -
whichwouldnotbe presentina full-annulusunit.

—

—

PressureLosses —

Thecombustorpressurelossesobtainedincombustormodel48Lare
—

showninfigure12. Thepressurelossesarepresqnte~astheratioof” ‘ ““”._:~
thetotal-pressurelosstothecombustor-inlettotal~resstie.Wessure“’‘-
lossesof 2 to4 percentwereobtainedas comparedwi$hlossesof4 to 6
percentinmostcurrentproduction-modelcombusto~ss.Thestudyfrom “

.-

whichthiscombustordesignevolved(ref.4]wasconcernedprimarilywith’
achievinga low-pressure-lossdesign. —..

.—

SUMMARYcm’REsuiis

Performancecharacteristicsof twogaseoushydrocarbonfuelsinan
annularcombustordesignedto operatewithvapor~uelwerecompared.The “
followingresultswereobtainedforsimulatedhi@-altitudeflightina
5.2-pressure-ratioengineat a flightMachnumberof~.6. .

—
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1.Thecombustionefficiencieswithgaseousmethanewere98,91,and
77percentat56,000,70,000,and80,000feet,respectively,ata temper-.
atureriseof 1180°F anda combustorreferencevelocityof 80feetper
second.Correspondingcombustionefficiencieswithgaseouspropanewere
98,93,and86percentat56,0CC),70,000,and80,000feet,respectively.

2.Thecombustorstabilitylimitswerenarrowerformethaneoyeration
thanwithpropaneoperation.Bothrichandleanblowoutlimitswereob-
servedwithmethanewhenthecor.nbustorreferencevelocitywasincreased
to 140feetpersecond.

3.Thelowercombustionefficienciesobtainedwithmethaneatthe
moresevereoperatingconditionareattributed,at leastinpart,to the
lowerfundamentalflamespeedofthisfuel.

4. Thecombustor-outlettemperatureprofiles weregenerallysatisfac-
tory witheither propaneor methaneoperation.

CONCLUDINGREM/H@

Intheexperimentalcombustormodel48L, whichwasdevelopedwith
propanefuel, methanedid not burnas efficiently at the umstsevere
operatingconditions;andat an increasedairflowrate onlya limited. operatingrangewaspossible dueto flameblowout. Eventhoughit appears

8 that the poorerperformanceof methane,as comparedwithpropane,is due
to its lowerflamespeed,narrowerfla-bility limits, etc., it maybe.
possibleto improvethe performanceby utilizing a combustordesigned
specifically for methanefuel operation. It wouldbe expected,however,
to be easier to obtainhighperformancewiththe higherflamespeedfuel.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,October22,1956
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TABLE1. - SELECTEDPROFZRTIYSCUTTHREEHYDROCARBONFUELS

MethanePropaneMIL-F-5624C,
gradeilP-4

Freezingpoint,%’ -296 -306 -85
Boilingpoint,~ -259 -44 ---
Criticaltemperature,%? -116 206 640
Netheatof combustion,Btu/lb 21,500 19,930 18)680
Leanflammabilitylimit
Percentby volume 4.4 2.0 0.8
Fuel-airratio 0.027 0.033 0.035

Richflammabilitylimit
Percentby volume 15.5 11.4 5.6
Fuel-airratio 0.097 0.18 0.25

S_po+taneousignitiontemperature,
1170 940 484

Maximumfundamentalflameveloc-
ity, cm/t3eca 37 43 40

Comparativeheatsinkcapacity
potential,fractionofheatof
combustion% 0.052 0.042 0.013

%ef. 8.
%ef. 1.
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TABLEII.- COMHJS!TOR.TESTDATA —
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.—

.,

....

,.

,,

.,.

,.,,

,1

,.!

iun Oombua- Combue- AiP- Airf10W Fuel
tOr- tor- f-low rate per flow
inlet inlet rate,unitarea, rate,
total total lb/.eec lb lb/hrpren- tempera- \sec)(S’qftr
sure, ture,
in.Hg ‘F

tiel-
Llr
,atio

T
2
3

:

8
7
8

1:

11
12
13
14
15

16
17
18

x

E;

H
25
26
27
—

—
28
29
30
31
32

33
34
35
36
37

36
39
40
41
42

43
44
&5
&6
47
k6
49
50—

5.0
5.0
5.0
5.0
5.0

5.0
5.0
5.0

:::

6.0
8.0
6.0
6.0
6.0

15.0
15.0
15.0
15.0
15.0

15.0
15.0
L4.9
L5.O
15.0
15.1
15.1

273
270
271
272
272

280
272
272
270
269

269
269
270
271
271

249
268
268
267
268

268
266
270
263
266
272
262

T
0.550 0.726
.527 .722
.530 .726
.527 .722
.527 .722

.525 .719

.521 .714

.521 .714

.622 1.13

.616 1.12

.617 1.12

.616 1.12

.616 1.12

.615 1.12

.81s 1.15

Zc6
27.5
30.3
32.3
34.0

19.4
22.7
32.1
25.3
30.3

35.3
40.6
45.2
50.4
60.3

S9.2
67.0
74.2
62.6
62.1

,02.1.
76.9
95.0
11.“1
32.0
53.6
71.2

2.5

3.0

2.7

3.6

13.7

306
306
306
306
306

89.0
69.2
86.2
66.2
84.6

84.0
86.5
a4.6
1+0.0
95.6

96.5
99.2
94.6
92.7
Q8.5

liw.1
100.3
100.6
99.3
97.6

bT.o
81 1.51 1.0.
100.7

K::
93.5

:;
62

%

92
90
90
91
93

94
95
97
96
99

96
96
98

::

97
76
76
77

::
64

.

.

.0093 660 ‘“’600

.0112 1010 ; 736

.016S 1430 ,1156

.0066 930 -“660

.0103 1025 756

309
305
305
168
167

.0120 1140 ~ 671

.0138 1250 :-~’gl

.0154 1345 1075

.0172 1435 i164

.020+ 15s0 :1309

167
187
lea
166
187

.om6 1070 821

.0120 1180

.0133 1270 “;;:%:

.0148 1.550

.0165 1450 1182

1.536 2.10
1.546 2.12
1.552 2.13
1.553 2.13
1.550 2.12

1L6100
10Q
lcm

.0183 1550 1282

.0081 905

.0100
, 639

1040 770
.0117
.0139 :;:: $%:
.0162
.0179 1475 :%:

1.550 2.12
2.635 3.61
2.630 3.60
2.645 3.63
2.641 3.62
2.636 3.61
2.675 3.67

ma
171
172
170
171
172
170

:Methan;

5.0
5.0
5.0
5.0
5.0

5.0
5.0
5.0
5.0
5.0

1:::
15.0
15.0
15.0

15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0

273
264
272
271
268

268
267
264
265
266

266
269
276
266
266

268
267
269
268
270
268
272
269

3.533
.532
.532
.532
.532

.535

.532

.532

.520

.529

.530
L.570
1.560
L.572
L.575

1.570
L.574
1.572
1.572
L.572
L.570
L.570
L.565

0.730
.729
.72g
.729
.729

23.2
24.6
25.9
27.4
29.5

32.1
33.5
36.0
38.0
40.0

z::
36.1
35.1
41.3

46.7
53.2
56.4
64.7
77.0
89.0
99.0
~

.0121

.0126

.0135

.0143

.0154

.0167

.0175

.0166

.0200

.0210

.0230

.0058

.0066

.0062

.0073

.0083

.0094

.0100

.0114

.0136

.0157

.0175

.0125

1035
112U
1175
1225
1285

1340
1360
1410
1440
1455

1460
740
635
775
665

940
1040
1070
1185
1310
1440
1540
1260

762
~“856
903
954
1017

-1072
1093
1146
1175
1169

1194
471
559
507
599

672
773
801
917
1040
1172
1268
991

r-

.733 84.7 72
82.2 71
61.0 70
78.9 70
76.1 70

.729

.729

.724

.725

.730
2.15
2.14
2.15
2.16

2.15
2.16
2.15
2.15
2.15
2.15
2.15
2.14

7:.:: 70

J

76
1 1:1 74
1 0.3
1.4 ::

J_lbl.1’ 73

i

1 3.1”: 72
1 0.8 71
1,2.1-
101.1 ::
98.0; 66
96.6 68
101.3 70
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LRun Combus-
tor-
Inlet
tOtal
preO -
aure,
In. I&

16.5
16.4
16.2
16.2
15.2

15.2
15.2
15.1
15.0
15.1

15.5
15.7
15.1

:::

8.0
8.0
8.0
8.0
8.0

8.0
8.1
8.0

R

H
5.0

:::

:::

M
8.0

R
8.0
5.0
8.0

8.0
8.0

.:::

.5.0

.5.0

TABLE II.- Concluded. COMBUSTORTE9T DATA

Combus- Alr- Ahflow Fuel
tor-

Fuel- Mean
flow

Mean colnbus- Inlet
rate per I?1OW alr combus- tempera-tlon fuel

Inlet rate, unit sea,
total

ratio tor-
?:J2

ture effi- tempera-
lb/sec lb outlet rise

tempera-
clency,ture,

_(sec)(Sq ftf
ture,

temper-thro~h percent ‘F
ature,

‘F
combus-

OF tor,OF

253
277
273
278
268

268
269
252
272
272

268
266
268
268
272

266
271
269
266
272

264
272
272
267
262

276
278
278
262
264

260
276
260
262
270

272
262
262
272
273

268
270
270
270
268
268

2.64
2.64
2.63
2.63
2.61

2.64
2.64
2.63
2.63
?.63

?.63
?.63
?.63
).833
.830

.833

.833

.833

.840

.840

.840

.840

.840

.525

.525

).525
.525
.524
.523
.523

.521

.525

.833

.833

.833

.833

.633

.830

.525

.838

.020

.232

.470

.555

.555

.550

Model 46L; Methane

3.62
3.62
3.61
3.61
3.58

3.62
3.62
3.61
3.61
3.61

3.61
3.61
3.61
1.14
1.14

1.14
1.14
1.14
1.15
1.15

1.15
1.15
1.15
.720
.720

72.8
80.0
88.2
95.0
95.0

104.0
115.7
99.0
123.0
135.2
147.5
155.0
99.2
23.3
26.1

28.9
31.7
35.3
38.7
42.0

48.3
51.9
56.0
22.8
20.0

0.720
.720
.718
.717
.717

.714

.720
1.14
1.14
1.14

1.14
1.14
1.14
.720
1.15

1.41
1.69
2.01
2.13
2.13
2.12

0.0077
.0084
.0093
.0101
.0101
.0109
.0122
.0105
.0130
.0143
.0156
.0164
.0105
.0078
..0088
.0097
.0106
.0118
.0128
.o139
.0160
.0172
.0166
.0120
.0106

635
945
1030
1090
1080

1140
1230
1100
1270
1330

1.380
1420
1080
780
920

1000
1o70
1160
1220
1275

1380
1440
1510
1070
870

J

Model42R;Methane

21.4
22.9
24.5
27.6
32.1

35.8
24.0
20.0
17.9
22.5

24.9
51.4
51.4
22.2
25.1

31.5
49.5
48.7
33.2
28.8
25.1

).0113
.0121
.0130
.0144
.0170

.0191

.0127

.0067

.0060

.0076

.0083

.0172

.0172

.0118

.0083

.0085

.0112

.0092

.0060

.0Q52

.0050

1040
1090
1150
1225
1330

1410
900
790
690
880

940
1430
1435
1085
940

940
960

Ilowout
760
695
620

582
668
757
812
812

872
961
848
998
1068

1112
1154
812
512
648

734
799
891
954
1003

1116
1168
1238
803
608

764
812
872
963
1066

1150
624
530
528
610

668
1168
1173
813
667

672
690

490
427
352

94.0
99.0
101.6
101.7
101.0

101.4
100.1
102.0
98.7
96.6

93.6
92.6
101.5
80.5
93.1

95.0
95.0
97.2
95.5
94.2

91.0
90.2
89.1
85.1
67.7

85.5
86.3
86.3
86.6
82.3

80.2
62.2
97.3
87.1
99.6

99.8
90.0
90.3
88.2
99.9

98.2
82.1

101.3
Loo.5
95.5

;:
77
77
77

77
76

;
78

80

z
79
79

79
79
78
78
77

76
76

:$
83

83
84
84
85
83

83
82
61
81
81

82
79
78
83
83

81
74
74
73
76
76
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(b)Cutletthermocouples
inplaneat statton2.
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Figure2.- Experimentalcombustorinstrumentation.
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Sparkplug
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(
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(b)Carhwtor profile. .&Ez

Figure4. - Ccmtinued. IJ.nm?detallaof cdnmtor wlel 48. (Dimenslon6are h Inzhes.)
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Figure5.-Combustionefficiencyofcombustormodel48Lwithpropanefueland
ataninletairtemperatureM 2680F.
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Figure8.- Correlationof conibustfonefficiencydat”aofcombustor
madel48Lwithv~orfuelandcomparisontith:coti”iistormodel47L -.
(4i3Lwithprevaporizer)withJ%4 fuel and at an inlet airtempera-
tureof268°F.
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Figure u.. - Imthermal.COlltOUZ’~ttcxna at K&nEtOr mtle’tof ~tal mcdel 48L
with msthanefuel operation.Tast mndltion B: ~ML’M 8 -W ~~y absolute;
referencevelocity,80 feetpa s~cdj inlet air te%qmrature,266°F; average outlet

terqera~, 144@ F.
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